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INTRODUCTION 
Surfactant usage on turf grass to improve the effectiveness of 
foliarly applied pesticides and to increase water infiltration and 
percolation through hydrophobic areas in the soil is increasing. 
Surfactants are surface active agents that reduce surf ace tension at 
interfaces in aqueous systems. There is evidence that besides reducing 
surface tension at interfaces, surfactants are capable of exerting 
biochemical effects upon living organisms (Parr and Norman 1965). 
Some favorable effects of surfactants have been reported: Tween 20 
enhances apple thinning effectiveness of napthaleneacetic acid (NAA) and 
is in itself a mild thinning agent (Harley, Moon and Regeimbal 1957); 
polyvinyl alcohol increases rate of growth and chlorophyll content in 
peas (Czeczuga, Rejniak and Nowak 1960); Aqua-Gro stimulates shoot 
growth ot barley (Endo et al. 1969); and various surfactants control 
(Evans et al. 1970; Clifford and Hislop 1975) or eradicate apple powdery 
mildew (Hislop and Clifford 1976; Burchill et al. 1979; Clifford et al. 
1981) and apple scab (Burchill and Swait 1977). 
Some adverse effects of surfactants include phytotoxicity to apples 
(Burchill et al. 1979), sugarcane (Singh and Orsenigo 1984), and to the 
roots ot ryegrass, tall fescue, Kentucky bluegrass and creeping 
bentgrass (Endo et al. 1969). Other adverse effects include increased 
fungal decay of Anjou Pear when Ortho X-77 is added to certain 
fungicides (Spotts 1984); changes in the bacterial population of soils 
where surfactants are applied (Hislop and Barnaby 1977); absence of 
earthworms in upper soil layers where didecyl dimethyl ammonium bromide 
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(DDAB) is applied (Hislop and Barnaby 1977) and induced ethylene 
production and necrotic lesions when some of the Triton X- series of 
surfactants are applied to leaves of cowpea and sour cherry (Lownds and 
Bukovac 1983). 
The increasing use ot surfactants on turf combined with the general 
knowledge that surfactants may have both favorable and adverse side-
effects on plants suggests that research into the physiological effects 
on grasses and into potential interactions with other biotic factors is 
warranted. The observations that some surfactants can effect 
chlorophyll content (Czeczuga, Rejniak and Nowak 1960) and ethylene 
production (Lownds and Bukovac 1983) are of special interest relative to 
Jh_ sorokiniana (Sacc.) Subram leaf spot of~ pratensis L. 'Newport'. 
Leaf spot is the most widespread disease of ~ pratensis and is 
characterized by necrotic lesions with chlorotic halos and the eventual 
chlorosis ot the entire leaf (Hodges and Coleman 1984). The severity of 
these symptoms may be measured by chlorophyll loss, and recent 
observations suggest that ethylene may be a primary factor contributing 
to chlorophyll loss during pathogenesis (Hodges and Coleman 1984). This 
study was conducted to determine whether selected, nonionic surfactants 
might influence the endogenous ethylene and chlorophyll content of 
healthy and Jh_ sorokiniana inoculated leaves of ~ pratensis. 
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LITERATURE REVIEW 
The genus Helminthosporium named by Fries (1829-1833) was 
originally a very heterogenous group of fungi with different modes of 
conidium germination and or conidiophore and conidium development. The 
genus Helminthosporium included species often found on the Gramineae and 
species usually occurring on dead woody substrates (Hagan 1980J. Then, 
Ito (1930) and Shoemaker (1959 and 1962) separated the graminicolus 
species from the genus Helminthosporium based on differences in 
conidiophore growth and proliferation and germ tube emergence. Since 
then there has been a taxonomic battle to properly name the graminico l us 
species~ 
The most current nomenclature adapted by Alcorn (1983) divides the 
graminicolus Helminthosporium species into three separate genera: 
Drechslera, Bipolaris and Exserohilum. The morphological and biological 
characteristics used to separate the three genera are conidium shape, 
hilum morphology, point of emergence and direction of growth of the germ 
tube from the basal cell, positions occupied by the first, second and 
third conidial septa and presence or absense or ornamental conidiogenous 
nodes on conidiophores. Based on Alcorn's system or classification, 
Bipolaris sorokiniana (Sacc.) Subram is the fungal pathogen causing leaf 
spot disease or Poa pratensis. The genus Bipolaris is characterized by 
fusoid shaped conidia with a slightly protruding, truncate hilum, a 
semiaxial basal germ tube and conidiophores with verruculose nodes. 
Other characteristics are that the first conidial septum is median to 
submedian, the second septum delimits the basal cell and the third 
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septum is distal. 
Much research has been done to determine the possible relationships 
between certain management practices and leaf spot disease development 
on turf. It was found in general that high nitrogen nutrition increases 
leaf spot disease severity of Poa pratensis (Couch and Moore 1971; 
Cheesman, Roberts and Tiffany 1965; Robinson and Hodges 1977). Couch, 
Moore and Shoulders (1974) reported that mowing height also influences 
disease development. They found that the incidence of disease was 
significantly less for all Kentucky bluegrass mowed at 3.2 cm than for 
those mowed at 5 cm. 
Thatch is an intermingled layer of organic matter consisting of 
dead leaves and dead and living shoots, stems and roots in the area 
between the zone ot green vegetation and the soil surface. Stress 
conditions created by heavy accumulation of thatch may have detrimental 
effects on the plants themselves or may predispose the plants to 
infection and colonization by invading symbionts (Couch 1980). 
Concerning the role ot thatch as a substrate for the growth and 
development ot pathogenic fungi, Murray and Juska (1977) reported that 
the incidence ot Helminthosporium leaf spot is greater in Kentucky 
bluegrass stands with heavy thatch layers than in those without heavy 
thatch layers. Colbaugh and Endo (1974) have shown that the nature of 
the thatch must be considered when looking into its potential for 
disease development. They found that the moisture condition of the 
thatch is an important factor determining sporulation levels ot ]k_ 
sorokiniana and the subsequent incidence of leaf spot disease. 
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Manipulation of the frequency and timing of turfgrass irrigation is 
a common method of reducing the potential for fungal disease activity. 
Moisture dependent processes required for infection such as conidial 
germination, mycelial growth and formation of fungal infection 
structures are prevented in environments lacking in moisture. In 
contrast, long periods of overcast weather favoring the retention of 
moisture on the plant encourage infection and disease development by 
most fungal pathogens of turfgrasses (Colbaugh and Beard 1980). Another 
management practice affecting leaf spot disease of turf is the use ot 
herbicides. Most postemergent herbicides used on turf are synthetic 
auxins that are readily absorbed by most turfgrass species. These 
herbicides are pnytotoxic to some grasses while others are herbicide-
tolerant. It has been shown that certain herbicides affect host 
susceptibility to disease (Hodges 1978; Madsen and Hodges 1983, 1984). 
Four hypotheses have been generated to explain these herbicide-
induced changes in host susceptibility to disease (Altman and Campbell 
1977, Katan and Eshel 1973). It is thought that herbicides influence 
di sease by (1) increasing or decreasing structural defenses of the host, 
(2) inhibiting or stimulating microflora that compete with a pathogen, 
(3) increasing or decreasing pathogen growth or virulence and (4) 
induc i ng physiological changes in the host that increase or decrease 
disease deve lopment. 
Hodges (1978) showed that certain chlorophenoxy and benzoic acid 
herbicides increase leaf spot disease severity of~ pratensis. His 
r esults also suggested that this ef fect was not due to any stimulatory 
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effect ot the herbicides on in vitro growth of .Jh. sorokiniana but rather 
to herbicide-induced changes in the herbicide-tolerant host. Hodges 
(1980) further suggested the hypothesis that sequential senescence of 
leaves of l..:_ pratensis promotes the severity of leaf spot caused by .Jh. 
sorokiniana. Results ot studies supporting this hypothesis will be 
discussed. 
Madsen and Hodges (1983) showed that the severity of .Jh. sorokiniana 
leaf spot increases on sequentially senescent leaves of control plants 
and those spray-treated with 2,4,5-TP and MCPP. They reported that each 
progressively older leaf was more severely diseased on herbicide treated 
plants than on control plants, except for leaf 3. Total soluble sugar 
content ot leaves of plants treated with either herbicide was less than 
that or controls; mainly sucrose, glucose and fructose contents 
decreased. The authors pointed out that this is indicative of changes 
that occur during senescence. It a1so was shown that inoculation of 
leaves of all ages on plants treated with MCPP or 2,4,5-TP induced an 
increase in soluble sugars, primarily in glucose and fructose. They 
stated that this could be due to the presence of a metabolic sink at 
infection sites. 
Madsen and Hodges (1984) evaluated MCPP and 2,4,5-TP for any effect 
on the free amino acid content of four sequent i ally aged leaves of 
herbicide-tolerant l..:_ pratensis and on leaf spot severity after 
infection by .Jh. sorokiniana. The content of free amino acids in 
noninoculated leaves of control plants (not treated with herbicides) 
declined from youngest to oldest leaf. The herbicides had no influence 
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on total amino acids in leaves of any age, but they did influence the 
relative amounts of certain amino acids in the leaves compared to 
controls. Based on these results, it was suggested that changes in free 
amino acid levels in leaves of ~ pratensis after treatment with those 
herbicides may promote leaf senescence and the subsequent enhancement of 
leaf spot. They also stated that changes in amino acid content 
independent of other metabolic changes occurring during senescence 
probably have limited direct influence on leaf spot severity. 
Nilsen, Madsen and Hodges (1979a) showed that pathogenesis by 1h. 
sorokiniana on leaves of ~ pratensis is influenced by photoperiod. Ten 
hour photoperiods promote disease and 14 hour photoperiods inhibit 
disease with a "balanced" spectrum. Blue plus far-red biased light 
stimulates leaf spot disease on older leaves of infected plants 
irrespective of photoperiod. Far-red light usually promotes a 
relatively low phytochrome photoequilibrium, increases auxin and 
ethylene levels and enhances senescence. In contrast, orange-red biased 
light reduces pathogenesis on each older leaf in combination with a 
short pnotoperiod (Nilsen, Hodges and Madsen 1979b). Neither 
photoperiod nor light quality influence growth of 1h. sorokiniana 
directly (Nilsen, Madsen and Hodges 1979a). It was stated therefore, 
that inhibition or stimulation of pathogenesis was in response to light 
mediated changes in the physiology of the host. 
Finally, Hodges and Coleman (1984) showed that endogenous ethylene 
of ~ pratensis leaves infected by 1h. sorokiniana increases in response 
to infection. Detectable increases in endogenous ethylene occurred 12 
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hours after inoculation, peaked at 48 hours and ethylene progressively 
decreased from 48 to 96 hours. Subjecting inoculated leaves to 
hypobaric conditions prevented most chlorosis. The authors suggested 
that ethylene may function late in pathogenesis and may be responsible 
for much or the chlorophyll loss. Ethylene involvement in pathogenesis 
further supports the hypothesis of a senescence-disease interaction. 
The use ot surfactants on turfgrass is increasing. 
Surfactants were initially used to improve the effectiveness of foliarly 
applied herbicides and insecticides and are now also used as wetting 
agents. Several uses ot wetting agents have been proposed: increase 
infiltration and percolation of water through the soil, reduce dew 
formation, alter soil water holding capacity, alter soil aeration, 
reduce evapotranspiration and soil compaction and improve plant growth 
(Carrow 1985). An explanation of surfactants and some actual effects 
that they have on plants will be presented. 
Surfactants are surface active agents constituted ot a hydrocarbon 
portion and a polar or ionic portion. The hydrocarbon portion can be 
linear or branched and interacts very weakly with water molecules in an 
aqueous environment. Furthermore, the strong interactions between the 
water molecules arising from forces of dispersion and hydrogen bonding 
act together to squeeze the hydrocarbon out of the water, as a result 
the chain is called hydrophobic. The polar portion of the molecule, 
usually called the head group interacts strongly with water via dipole-
dipole or ion-dipole interactions and is solvated. The head group is 
therefore said to be hydrophilic (Ottewill 1984). Surfactants are able 
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to orient themselves at interfaces because they contain both a 
hydrophobic and hydrophilic group within the same molecule. It is the 
balance betwen these two groups that gives surface active agents their 
special properties. Surfactants can alter the energy relationship at 
interfaces and thereby cause a reduction of surface tension (gas-liquid 
interfaces) and interfacial tension (liquid-liquid and solid-liquid 
interfaces) (Parr and Norman 1965). 
Surfactants are usually classified as anionic, cationic, nonionic 
or ampholytic, depending on the nature of the hydrophilic head group of 
the molecule. Anionic surfactants are compounds having a hydrophobic 
group balanced with a negatively charged hydrophilic head group. 
Cationic surfactants have a positively charged hydrophilic group. 
Nonionic surfactants have a hydrophobic group balanced by a nonionized 
hydrophilic group. Ampholytic surfactants have a hydrophilic group with 
the potential to become cationi c or anionic depending on the pH of the 
medium it is in (Parr and Norman 1965). 
All four classes ot surfactants form molecular aggregates or 
micelles when the surfactant concentration exceeds a critical level in 
an aqueous system. Surfactant micelles are formed with the lipophilic 
groups or the individual surfactant molecules towards the inside and the 
hydrophilic groups towards the outside. The critical micelle 
concentration (CMC) is associated with some abrubt changes in the 
characteristic properties ot surfactants, such as a rapid drop in 
relative electrical conductivity and modified osmotic properties (Jansen 
1961). Parr (1978) suggested that such changes could enhance the 
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ability of some surfactants to penetrate through leaf surfaces and into 
epidermal cells. 
The uptake ot surfactants by plants has been demonstrated (Anderson 
and Girling 1983, Valoras, Letey and Osborn 1974). Anderson and Girling 
(1983) reported that uptake ot six different surfactants was relatively 
rapid during the first 24 hour period, after which the uptake rate was 
lower and total uptake after 48 hours was in the range of 80-91 %. Two 
other surfactants were barely taken up at all. The authors stated that 
uptake was not related to surfactant chain length, but appeared to be 
influenced by the physical form of the hydrated surfactant . on the leaf 
surface. Valoras, Letey and Osborn (1974) showed that as concentration 
increased the amount of 14c-labelled Soil Penetrant 3685 taken up from 
nutrient solution increased. They also showed that the amount taken up 
increased when length ot exposure to the surfactant increased. Uptake 
was also demonstrated using soil applied surfactant. 
Once the surfactant has entered the plant, it can remain at the 
point of entry, it can be translocated to other parts of the plant or it 
can be inactivated. Whether or not movement occurs depends on the 
chemistry of the molecule and the hydrohilic/lipophilic balance, as this 
influences its ability to partition into lipids (Norris 1978). Valoras, 
Letey and Osborn (1974) showed that movement of Soil Penetrant 3685 
within the plant does occur and it is probably via the transpi ration 
stream. 
It has been shown that some surfactants are capable of producing 
certain side-effects in biological systems. There is evidence that 
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surfactants affect plant growth: polyvinyl alcohol increases rate of 
growth and chlorophyll content in peas (Czeczuga, Rejniak and Nowak 
1960); Aqua-Gro stimulates shoot growth of barley (Endo and Letey 1969); 
Tween 20 is a mild thinning agent of apples (Harley, Moon and Regeimbal 
1957); Ultrawet PR51 increases carrot yields (Seymour 1957). Certain 
surfactants are phytotoxic to apples (Burchill et al. 1979), sugarcane 
(Singh and Orsenigo 1984) and to the roots ot ryegrass, tall fescue, 
Kentucky bluegrass and creeping bent grass (Endo et al. 1969). 
Furthermore, some of the Triton X- surfactants cause necrotic lesions 
and induce ethylene production when applied to leaves of c9wpea and sour 
cherry (Lownds and Bukovac 1983 and personal communication with Lownds, 
Michigan State University, Hortic. Dept.). 
Surfactants have also been shown to affect bacteria and fungi both 
favorably and adversely from and agricultural viewpoint. Certain 
surfactants control (Evans et al. 1970) or eradicate (Hislop and 
Clifford 1976; Burchill et al. 1979; Clifford et al. 1981) apple powdery 
mildew and apple scab (Burchill and Swait 1977). Ortho X-77 however, 
added to certain fungicides increases fungal decay of Anjou pear (Spotts 
1984). Hislop and Barnaby (1977) reported that some surfactants change 
the bacterial populations in the soil. 
Much work also has been done on excised tissues or on isolated 
ce lls or organelles. Attwood and Florence (1983) caution t hat the 
results obtained using these systems cannot always be extrapolated to 
the wnole plant or organ. Some plant processes affected by surfactants 
in such studies include photophosphorylation (Neumann and Jagendorf 
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19o5), protoplasmic streaming (Haapala 1970), mitosis (Nethery 1967), 
elongation of root hairs (Jackson 1962) and photosynthesis (St. John, 
Bartels and Hilton 1974). Cell wall permeability is also affected 
(Sutton and Foy 1971). 
In work done by Towne, Bartels and Hilton (1978), surfactants that 
increased cell permeability also inhibited photosynthetic 14co2 
fixation. This indicated that their effect is not restricted to the 
outer cell membrane (Attwood and Florence 1983). Reduced photosynthetic 
co2 fixation is possibly the result of disruption of thylakoid membrane 
sites of ATP and NADPH2 formation or inhibition of one or ~ore of the 
co2 fixing enzymes of the Calvin cycle (Towne, Bartels and Hilton 1978). 
Disorganization of all membranes of cotton was caused by the cationic 
surfactant [polyoxyethylene (dimethylimino ethylene) ethylene 
(dimethylimino) ethylene dichloride] (WSCP), whereas the nonionic 
surfactants Sterox SK and Renex 36 disrupted only the chloroplast grana-
intergrana thylakoids, causing abnormal grana to form. 
In conclusion, mowing, irrigation, nitrogen fertility, thatch 
accumulation, herbicides and photoperiod affect leaf spot disease of ~ 
pratensis. Surfactants are being used more and more on turf as wetting 
agents and they have the potential to exert both favorable and adverse 
effects on plant systems. In view of these fact s , research into 
potential side- effects of surfactants on ~ pratensis and on 1k_ 
sorokiniana leaf spot of ~ pratensis is warranted. 
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MATERIALS AND METHODS 
Plant and Surfactant Materials 
Poa pratensis L. 'Newport' was vegetatively divided and grown in a 
steamed loam-peat soil mix (2:1 v/v) in 7.6-cm square plastic pots under 
natural light for at least 4 months. Each plant was maintained as a 
single shoot with 4 to 5 leaves by keeping tillers and rhizomes cut to 
the soil surface. Plants selected for treatments were preconditioned in 
growth chambers for 4 days at 22° C with a 9-hr photoperiod and 
-2 -1 irradiance ot 175 uE m S • Plants were treated with one of three 
nonionic surfactants: Aqua-Gro (50% polyoxyethylene ether .of alkylated 
phenols and 50% polyoxyethylene esters of cyclic acid) supplied by 
Aquatrols Corp. of America, Pennsauken, N. J.; Hydro-Wet 
(polyoxyethylenepolypropoxypropanol) supplied by Kalo Agricultural 
Chemicals, Inc., Overland Park, Kansas; and Surf-Side #37 (chemistry 
unavailable) supplied by Montco Products Corporation, Ambler, 
Pennsylvania. 
Fungal Pathogen and Inoculation 
Bipolaris sorokiniana (Sacc.) Subram was cultured on 20 ml of 
Bacto-agar (3% v/v) in 15 x 100 tIDll sterile plastic Petri dishes in an 
incubator for 20 ~ 5 days at 21° C with a 12 hour photoperiod. A No. 2 
cork borer was used to cut cylindrical plugs (5.0 lIDll diameter) from the 
cultures. Inoculation was accomplished by placing the agar cylinders on 
the upper epidermis of the leaves of l· pratensis by means of a 
previously described method (Hodges and Coleman, 1984). A tuburculin 
syringe was used to maintain a free-water continuum between the agar 
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cylinder and the leaf surface to prevent drying and to ensure infection. 
Short Exposure Treatments 
Each or the surfactants was applied to X· pratensis as a soil 
drench or foliar spray at the recommended rate after the 4 day 
preconditioning period. All rates were expressed as amount of 
surfactant product in H2o: Aqua-Gro 8 ml/L (1 oz/gal), Hydro-Wet 6 ml/L 
(0.8 oz/gal), and Surf-Side #37 20 ml/L (2.6 oz/gal). Drench treatments 
were made with a repeating pipet at 40 ml of each surfactant solution 
applied to the soil surface of each 7.6-cm pot. Spray treatments were 
made with a Devilbiss hand held atomizer and air compressor (561 series) 
at 10 ml of each surfactant solution applied to the single shoot in each 
pot. Pots were held sideways and upside down while leaves were sprayed 
so that the surfactant solution was not sprayed onto the soil. Plants 
were inoculated as previously described (Hodges and Coleman, 1984) 
immediately after application of the surfactants. Noninoculated and 
nontreated controls were included. All plants were analyzed for 
endogenous ethylene and chlorophyll content 24, 48, 72 and 96 hours 
after inoculation. The experiment was replicated three times; means 
were analyzed for significant differences by ANOVA and LSD's were 
determined (P = 0.05). 
Long Exposure Treatments 
Each or the surfactants was applied to ~ pratensis as a soil 
drench or foliar spray at the recommended rate (described above) seven 
days prior to inoculation. Plants were treated a second time with 
diluted concentrations of the respective surfactant solutions (expressed 
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as amount ot surfactant product in H2o) 5 days prior to inoculation: 
Aqua-Gro 2 ml/L (0.25 oz/gal), Hydro-Wet 1.5 ml/L (0.2 oz/gal) and Surf-
Side #37 5 ml/L (0.65 oz/gal). Plants were moved to growth chambers for 
preconditioning 4 days prior to inoculation and again treated with 
diluted surfactant solutions 3 days prior to inoculation. Finally, each 
of the surfactants was applied to ~ pratensis at the recommended rate 
at the time of inoculation. Noninoculated and nontreated controls were 
included. All plants were analyzed for endogenous ethylene and 
chlorophyll content 24, 48, 72 and 96 hours after inoculation. The 
experiment was replicated three times; means were analyzed .for 
significant differences by ANOVA and LSD's were determined (P = 0.05). 
Endogenous Ethylene and Chlorophyll Analyses 
Endogenous ethylene was determined by vacuum extraction of the 
internal gases of the leaves (Hodges and Coleman 1984). Four leaf 
blades per shoot were detached from the plant, taken from the 
inoculation tubes, placed in the collection tubes and immersed in 
saturated (NH4 ) 2so4 • Internal gases were released and collected from 
leaves by subjecting them to a negative pressure of 14 kilopascals 
maintained for three minutes. A 100 ul sample of the gas was injected 
into a Varian 3700 gas chromatograph operated at injector and column 
temperatures ot 150° C and a flame ionization detector temperature of 
250° c. 
Chlorophyll content of the four leaf blade sections (10 cm long) 
collected from the inoculation tubes was determined by a previously 
described method (Hodges and Coleman 1984). Chlorophyll concentrations 
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were determined as ug Chl mg-l dry leaf weight. The chlorophyll 
concentration of treated and inoculated leaves was expressed as a 
percentage or nontreated, noninoculated controls. 
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RESULTS 
Short Exposure Experiments 
Endogenous ethylene 
No ethylene response occurred in noninoculated ~ pratensis after 
a single application (spray or drench) of any of the surfactants (Figs. 
1, 2 and 3). Endogenous ethylene increased in all J:. pratensis leaves 
inoculated with 1h. sorokiniana (Figs. 1, 2 and 3). There was a 
significant suppression of endogenous ethylene in inoculated leaves of 
plants exposed to Aqua-Gro (spray and drench) at 24 and 48 hrs after 
inoculation, but no differences occurred at 72 and 96 hrs (Fig. 1). 
Endogenous ethylene of inoculated leaves of plants sprayed or 
drenched with Hydro-Wet peaked 48 hrs after inoculation; inoculated 
controls peaked at 72 hrs (Fig. 2). Ethylene of inoculated plants 
sprayed or drenched with Hydro-Wet was significantly lower than that of 
inoculated controls at 96 hrs after inoculation (Fig. 2). 
Endogenous ethylene of leaves of inoculated plants sprayed with 
Surf-Side #37 was significantly higher than that of controls at 48 hrs, 
but there were no differences after 72 and 96 hrs (Fig. 3). The drench 
application of Surf-Side #37 had no effect on endogenous ethylene 
following inoculation (Fig. 3). 
Chlorophyll content 
All leaves inoculated with 1h. sorokiniana showed a progressive 
decrease in chlorophyll over time (Figs. 4, 5 and 6). The chlorophyll 
content ot noninoculated leaves sprayed or drenched with Aqua-Gro 
temporarily increased (though nonsignificant) (Fig. 4). For spray 
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Figure 1. Effect ot Aqua-Gro (short exposure) on endogenous ethylene 
of healthy and 1h_ sorokiniana inoculated leaves of ~ 
pratensis. LSD's = 0.50, 0.25, 0.35 and 0.26 for 24, 48, 72, 
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Figure 2. Effect of Hydro-Wet (short exposure) on endogenous ethylene 
of healthy and Jh. sorokiniana inoculated leaves of ~ 
pratensis. LSD's = 0.60, 1.1, 0.36 and 0.23 for 24, 48, 72 
and 96 hours, respectively (P = 0.05). 


















0 0.6 z: WATER INOCULATED PLANTS L.i..J ........ 
<:.!:) 
0 0.5 
.,_..... SPRAYED INOCULATED PLANTS 
0 
z: ........ DRENCHED INOCULATED PLANTS 
L.i..J 
0.4 
~ WATER CONTROL PLANTS 
0.3 0-0 SPRAYED CONTROL PLANTS 
D-{J DRENCHED CONTROL PLANTS 
0.2 
~=~ ~ 0.1 
0 
24 48 72 96 
HOURS 
22 
Figure 3. Etfect of Surf-Side #37 (short exposure) on endogenous 
ethylene of healthy and Jk. sorokiniana inoculated leaves 
of~ pratensis. LSD's = 0.32, 0.25, 0.40 and 0.17 for 24, 
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Figure 4. Effect ot Aqua-Gro (short exposure) on the chlorophyll 
content of healthy and 1k_ sorokiniana inoculated leaves 
of~ pratensis. LSD's = 37, 38, 47, and 17 for 24, 48, 
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Figure 5. Effect of Hydro-Wet (short exposure) on the chlorophyll 
content of healthy and lh. sorokiniana inoculated leaves 
of!.:. pratensis. LSD's = 32, 38, 33 and 26 for 24, 48, 
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Figure 6. Effect of Surf-Side #37 (short exposure) on the chlorophyll 
content of healthy and 1h. sorokiniana inoculated leaves 
of~ pratensis. LSD's = 21, 17, 21 and 26 for 24, 48, 
72 and 96 hours respectively (P = 0.05). 
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treated leaves, chlorophyll content was higher than controls at 48 and 
72 hrs, but no difference occurred at 96 hrs. For drench treated 
plants, the chlorophyll content of leaves was higher than controls at 48 
hrs, but no differences occurred at 72 and 96 hrs. Neither application 
of Aqua-Gro had any effect on chlorophyll loss following inoculation 
with the pathogen (Fig. 4). 
The chlorophyll content of leaves of noninoculated plants drenched 
with Hydro-Wet (Fig. 5) was significantly higher than that of controls 
at 24 hrs, but no differences occurred at 48, 72, and 96 hrs. A 
similar, nonsignificant increase in chlorophyll of noninoculated leaves 
sprayed with Hydro-Wet also occurred (Fig. 5). The chlorophyll content 
of inoculated leaves of plants sprayed or drenched with Hydro-Wet was 
lower than controls at 72 and 96 hrs (Fig. 5). 
The chlorophyll content of leaves of plants drenched with Surf-Side 
#37 was significantly lower t han that of controls at 72 hrs, but no 
difference occurred at 96 hrs (Fig. 6). Plants sprayed with Surf-Side 
#37 also showed a similar loss of chlorophyll (though nonsignificant) at 
72 hrs with no difference occurring at 96 hrs (Fig. 6). Exposure to 
Surf-Side #37 (spray and drench) had no effect on chlorophyll loss 
following inoculation with].. sorokiniana (Fig. 6). 
Long Exposure Experiments 
Endogenous ethylene 
There was no ethy l ene response by noninoculated ~ pratensis leaves 
as a result ot long term exposure to any of the surfactants (Figs. 7, 8 
and 9). All plants showed elevated levels of endogenous ethylene in 
31 
Figure 7. Etfect of Aqua-Gro (long exposure) on endogenous ethylene of 
healthy and .!h. sorikiniana inoculated leaves of~ 
pratensis. LSD's = 0.18, 0.41, 0.30 and 0.17 for 24, 48, 72 
and 96 hours, respectively (P = 0.05). 
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Figure 8. Effect of Hydro-Wet (long exposure) on endogenous ethylene 
of healthy and Jh. sorokiniana inoculated leaves of~ 
pratensis. LSD's = 0.10, 0.25, 0.16 and 0.16 for 24, 48, 72 
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Figure 9. Etfect of Surf-Side #37 (long exposure) on endogenous 
ethylene of healthy and 1h. sorokiniana inoculated leaves 
of l..:.. pratensis. LSD's = 0.16, 0.20, 0.17 and 0.10 for 24, 
48, 72 and 96 hours, respectively (P = 0.05). 
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response to infection by 1h. sorokiniana (Figs. 7, 8 and 9). There was 
no effect on endogenous et hylene of inoculated plants sprayed or 
drenched with Aqua-Gro (Fig. 7). 
Inoculated leaves sprayed with Hydro-Wet increased and decreased in 
endogenous ethylene compared to inoculated controls. Endogenous 
ethylene ot leaves was significantly higher than that of controls at 24 
hrs after inoculation, and was significantly lower at 72 hrs after 
inoculation (Fig. 8). Leaves of plants drenched with Hydro-Wet and 
inoculated had significantly less ethylene than controls at 24 hrs, but 
no differences occurred at 48, 72 and 96 hrs (Fig. 8). 
Endogenous ethylene of inoculated leaves of plants sprayed with 
Surf-Side #37 was significantly higher than that of inoculated controls 
at 24 and 96 hrs after inoculation (Fig. 9). Conversely, there was a 
significant suppression of ethylene at 72 hrs in inoculated plants 
drenched with Surf-Side #37 (Fig. 9). 
Chlorophyll content 
Chlorophyll content of all inoculated leaves showed a progressive 
decrease over time (Figs. 10, 11 and 12). The chlorophyll content of 
noninoculated leaves sprayed with Aqua-Gro was significantly higher than 
that of controls at 24 and 96 hrs after the surfactant application. A 
similar increase (though nonsignificant) in chlorophyll also occurred in 
noninoculated leaves drenched with Aqua-Gro (Fig. 10). Aqua-Gro (spray 
or drench) had no effect on chlorophyll loss of inoculated leaves. (Fig. 
10). 
The chlorophyll content of noninoculated leaves of plants spray or 
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drench treated with Hydro-Wet was lower than that of controls at 48 and 
72 hrs (though nonsignificant), but no difference occurred at 96 hrs 
(Fig. 11). The chlorophyll content of inoculated leaves of plants 
drenched with Hydro-Wet was significantly lower than controls after 72 
hrs (Fig. 11). Chlorophyll of spray treated and inoculated leaves was 
significantly higher than controls at 24 hrs and was significantly lower 
than controls at 72 hrs (Fig. 11). Chlorosis of inoculated leaves 
exposed to Hydro-Wet (spray or drench) was visually greater than that of 
inoculated controls at 72 and 96 hrs (Figs. 13a, 13b and 13c). 
The chlorophyll content of noninoculated leaves of plants sprayed 
or drenched with Surf-Side #37 was higher than that of controls at 24, 
48 and 72 hrs (though nonsignificant), but no difference occurred at 96 
hrs (Fig. 12). Neither treatment with Surf-Side #37 had any effect on 
chlorophyll loss following inoculation (Fig. 12). 
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Figure 10. Effect of Aqua-Gro (long exposure) on the chlorophyll 
content of healthy and!..:.. sorokiniana inoculated leaves 
of~ pratensis. LSD's = 30, 25, 24 and 25 for 24, 48, 
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Figure 11. Eff ect of Hydro-Wet (long exposure) on the chlorophyll 
content of healthy and Jh. sorokiniana inoculated leaves 
of~ pratensis. LSD's = 25, 23, 27 and 45 for 24, 48, 
72 and 96 hours, respectively (P = 0.05). 
42 
30 
0-0 SPRAYED CONTROL PLANTS 
~ 20 0--0 DRENCHED CONTROL PLANTS 
< A--A WATER INOCULATED PLANTS u.J 
a:: 
~ SPRAYED INOCULATED PLANTS u 



















24 48 72 96 
HOURS 
43 
Figure 12. Effect of Surf-Side #37 (long exposure) on the chlorophyll 
content of healthy and Jh. sorokiniana inoculated leaves 
of~ pratensis. LSD's = 37, 34, 42 and 30 for 24, 48, 
72 and 96 hours, respectively (P = 0.05). 
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Figure 13b. Effect of Hydro-Wet (long exposure, spray) on chlorosis of 
l..:_ pratensis leaves inoculated with 1h. sorokiniana. 
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Figure 13c. Effect of Hydro-Wet (long exposure, drench) on chlorosis of 




There was no surfactant effect on endogenous ethylene of healthy~ 
pratensis leaves in both short and long exposure experiments (Figs. 1, 
2, 3, 7, 8 and 9). Inoculation of leaves of nontreated plants in both 
short and long exposure studies caused increased levels of endogenous 
ethylene (Figs. 1, 2, 3, 7, 8 and 9) as was previously observed (Hodges 
and Coleman 1984, Coleman 1984). Inoculation of leaves of surfactant 
treated plants produced mixed endogenous ethylene responses. Endogenous 
ethylene increased and decreased relative to inoculated controls for 24 
and 48 hour periods with no sustained pattern in both short and long 
exposure studies (Figs. 2, 3, 8 and 9). Aqua-Gro showed the most 
constant suppression ot endogenous ethylene relative to inoculated 
controls (Figs. 1 and 7). 
Aqua-Gro increased the chlorophyll content of healthy~ pratensis 
leaves in both short and long exposure studies (Figs. 4 and 10). Leaves 
of plants treated with Hydro-Wet and Surf-Side #37 showed mixed 
chlorophyll responses in short and long exposure studies (Figs. 2, 3, 11 
and 12). The chlorophyll content of inoculated leaves of nontreated and 
treated plants progressively decreased over time in both short and long 
exposure studies (Figs. 4, 5, 6, 10, 11 and 12). Hydro-Wet increased 
chlorophyll loss from inoculated leaves in both short and long exposure 
studies (Figs. 5 and 11). Aqua-Gro and Surf-Side #37 had no effect on 
chlorophyll loss from inoculated leaves in both short and long exposure 
studies (Figs. 4, 6, 10, 12). 
Lownds and Bukovac (1983) showed that some of the Triton X-
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surfactants (nonionic) induce ethylene production and cause necrotic 
lesions on cowpea and sour cherry leaves. In the present study, Aqua-
Gro, Hydro-Wet and Surf-Side #37 in short or long exposure experiments 
did not elicit an ethylene response in leaves of ~ pratensis. In the 
cowpea and sour cherry experiments, however, surfactants were applied at 
concentrations higher than those recommended on the label (personal 
communication with Lownds, Michigan State University, Hortic. Dept.). 
Horowitz and Givelberg (1979) working with several nonionic surfactants 
showed that the effects produced may vary with the surfactant and its 
application concentration. The surfactant Biofil m had no effect on 
shoot and root fresh weights or sorghum at 1000 ul L-1 , while other 
surfactants reduced growth at that concentration. Biofilm enhanced 
growth at lower concentrations and impaired growth at higher 
concentrations. This suggests that many of t he nonsignificant trends of 
the present study could possibly turn out significant when different 
concentrations of the surfactants were used. 
Previous studies have illustrated the existence of an ethylene-
chlorophyll relationship (Purvis and Barmore 1981 ; Stall and Hall 1984; 
Nilsen and Hodges 1983), but in the present study surfactants did not 
seem to affect the chlorophyll content of leaves by means of ethylene. 
None or the surfactants caused any ethylene response in healthy leaves. 
In both snort and long exposure studies, Aqua-Gro increased the 
chlorophyll content of healthy leaves and Hydro-Wet and Surf-Side #37 
both increased and decreased the chlorophyll content of healthy leaves 
depending on the exposure period. None of these responses could be 
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correlated with ethylene responses. Even the additive interaction of 
Hydro-Wet and the pathogen that resulted in a greater loss of 
chlorophyll than that of inoculated controls (Fig. 11) was not preceded 
by any stimulation ot ethylene (Fig. 8). It is probable that 
chlorophyll loss associated with surfactants (Figs. 5, 6, and 11) does 
not involve ethylene. 
It has been suggested that surfactants affect the biosynthesis of 
porphyrin structures (Czeczuga, Rejniak and Nowak 1960) and it has been 
shown that the nonionic surfactants Sterox SK, Renex 36 (Towne, Bartels 
and Hilton 1978) and Tween 20 (Thomson and Moeller 1983) alter 
chloroplast membrane ultrastructure and organization, causing abnormal 
grana to form. It is not known if the surfactants examined in this 
study can directly affect chlorophyll structure and function. It does 
seem, however, that the etfect ot the surfactants on chlorophyll is not 
especially exploited by J.L.. sorokiniana. Only leaves of plants treated 
with Hydro-Wet showed any increase in chlorophyll loss among inoculated 
plants (Figs. 5, 11, 13a, 13b and 13c). It is worth noting that the 
increase in cnlorosis was observed on leaves of plants both sprayed and 
drenched with Hydro-Wet which shows that both the foliage and roots were 
involved. 
The observations of this study suggest that proper use of Aqua-Gro, 
Hydro-Wet and Surf-Side #37 results in relatively minor interactions 
with the ethylene physiology and subsequent chlorophyll loss associated 
with J.L.. sorokiniana leaf spot of ~ pratensis. This conclusion is 
arrived at on the basis of the following responses: a) None of the 
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surfactants generated ethylene in healthy tissue. Some erratic 
increases in ethylene occurred with the combination of some surfactants 
and inoculation, but there was no sustained increase in ethylene that 
could be correlated with chlorophyll loss. b) Aqua-Gro caused an 
increase in the chlorophyll content of leaves and when Hydro-Wet and 
Surf-Side #37 caused a decrease in chlorophyll, with and without 
inoculation, there was no correlation with an increase in ethylene. The 
loss or chlorophyll associated with Hydro-Wet treated and inoculated 
plants (Figs. 5, 11, 13a, 13b and 13c) is suggestive of a host-pathogen 
interaction independent of ethylene. 
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SUMMARY 
Leaf spot is the most widespread disease of turfgrasses and is 
known to be influenced by management practices. Surfactant usage on 
turf is increasing and it has been shown that these compounds are 
capable of producing both favorable and adverse side-effects on plant 
systems. The objective of this study was to evaluate the nonionic 
surfactants Aqua-Gro, Hydro-Wet and Surf-Side #37 for possible effects 
on the endogenous ethylene and chlorophyll content of healthy and 
Bipolaris sorokiniana inoculated leaves of Poa pratensis. 
Each or the surfactants was applied at the recommended rate as a 
soil drench or foliar spray. In short exposure experiments, leaves were 
inoculated immediately after application of the surfactants. In long 
exposure experiments, plants were treated with the surfactants several 
times prior to inoculation. Endogenous ethylene and chlorophyll 
contents of leaves were determined 24, 48, 72 and 96 hours after 
inoculation. 
None of the surfactants induced ethylene production in healthy 
leaves. Inoculation of leaves of nontreated plants caused increased 
levels of endogenous ethylene. Inoculation of leaves of surfactant 
treated plants produced mixed endogenous ethylene responses; erratic 
increases and decreases relative to inoculated controls occurred for 24 
and 48 hour periods with no sustained pattern. Where increases in 
ethylene occurred, it did not correlate with decreases in chlorophyll 
content. 
Aqua-Gro increased the chlorophyll content of healthy leaves. 
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Hydro-Wet and Surf-Side #37 caused mixed chlorophyll responses, 
depending on the exposure period. Inoculation of leaves of nontreated 
and treated plants caused a progressive decrease in chlorophyll over 
time. Aqua-Gro and Surf-Side #37 had no effect on chlorophyll loss from 
inoculated leaves. Hydro-Wet increased chlorophyll loss from inoculated 
leaves but this could not be correlated with any sustained increase in 
ethylene. 
It was concluded that proper use of these surfactants results in 
relatively minor interactions with the ethylene physiology and 
subsequent chlorophyll loss associated with Jh. sorokiniana leaf spot of 
f. pratensis and that the increased chlorosis of inoculated leaves 
caused by Hydro-Wet was not due to ethylene. 
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